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for integrating Al-driven VR tools in K-12 education has the possibility of enhancing

Accepted: April 16, 2025 students” STEM identity and social-emotional learning (SEL). In this review paper, current
] applications, benefits, challenges and future prospects of Al-powered VR are explored in
Published: August 05, 2025 tfrlins of its role in the develogpment of thesep criuPcal areas. ThIZ review employs reI:u_lts and
conclusions from credible and relevant journals and materials on Al-Virtual Reality, STEM
identity and SEL. Gathered journals were analysed using document analysis and findings
were presented thematically. The paper uses an analysis of existing studies and frameworks
to examine how immersive environments can help to develop a positive STEM identity
and critical social-emotional competencies to increase student engagement, motivation
and learning outcomes. There is a promise of future Al-driven virtual reality technologies
in helping to shape STEM identity and social-emotional skills, in K-12 education. These
technologies can enhance the overall STEM education through immersive, personalized
learning, and safe space for practice of social interaction. Key findings included that the
integration of Al-driven VR for K-12 education will enhance social skills development,
improve engagement and retention, support students with disabilities, empathy development
and emotional regulation. However, for achieving the full potential of AI-VR in creating
STEM identity and social emotional competence among K-12 students, the challenges of
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access, privacy, and teacher support need to be addressed.

INTRODUCTION

Artificial Intelligence (Al) is now a new technology
that completely transformed many areas, including the
educational sector (Mohammed, 2023). Al has great
potential to change the way teaching and learning method
is done in the field of higher education, especially the
way students are engaged in the classrooms. In particular,
the integration of Al in the Sciences, Technology,
Engineering, and Mathematics (STEM) disciplines has
great potential to offer support to high-quality innovation,
critical thinking, and problem-solving skill development
for students (Zawacki-Richter ez a/., 2019; Luan & Tsali,
2021). STEM education is crucial in helping students
acquire knowledge and resourcefulness to be successful
in a technological fast world. Despite the fast evolution
of requirements within the STEM fields, traditional
instructional strategies tend not to be adequate to adhere
to these rapid altering (Chauhan, 2017; Zawacki-Richter e
al., 2019; Tahiru, 2021). High academic accomplishment,
creativity, and economic progtress have historically been
linked to STEM areas (Cheryan ez al., 2017). Nevertheless,
there are always recurring difficulties in guaranteeing fair
access and involvement, even with the growing focus on
these areas. STEM identity—the feeling of competence
and belonging in STEM fields—is one element that has
attracted a lot of attention lately (Dou & Cian, 2022). A

person’s involvement in STEM activities can be aided
or hindered by a variety of environmental, social, and
personal elements that influence their STEM identity
(Hilts 7 al., 2018; Rainey e/ al., 2018; Hansen ez al., 2024).
On the other hand, the rapid growth of technological
advancement in high-speed computing, high spatial
resolution graphics, as well as interface devices has
transformed Virtual Reality (VR) technology into not
only an exciting gaming technology but also many
possible novel applications (Allcoat & Adrian, 2018).
Virtual reality (VR) is a computer-generated environment
with three-dimensional (3D) effect of inducing user to
think that the contents are in real life. This technology
puts the person using it inside the artificial world and
gives him the possibility to carry out physical actions and
manipulate virtual objects (Smith, 2015).

Social-emotional learning learning (SEL) is an area that
is being addressed with help from Al in developing and
addressing CASEL skills (which is self-awareness, self-
regulation, empathy and interpersonal relationship). It is
surprising that the SEL has been a topic of discussion
in numerous cases in the educational sector because
more and more educators and researchers are now just
starting to comprehend the role of students’ holistic
development other than how they perform academically.
Awareness and control of one’s emotions, the ability
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to use feelings, caring for the other’s point of view and
reality, and having meaningful relationships are some of
the most essential competencies for academic and real-
wortld success (Durlak ¢7 a/, 2011). However, traditional
pedagogical approaches are not able to provide sufficient
social emotional needs of students, there has been a lot
of attention on improving socio emotional ways of using
Al Though there are numerous already existing SEL
programs integrated with similar technologies, using Al
technologies provides an opportunity to be completely
personalised, real time, and for the growth of socio-
emotional capabilities of students. Edutainment of
the social emotional skills namely Leadership, empathy,
Creativity, problem solving among others can be assessed,
taught, and reinforced by educators through the use of
scalable and effective tools and platforms using Natural
Language Processing, affective computing and so forth
(Bartneck ez al., 2020).

Additionally, Al is generally defined as that aspect of
generating the learning environment that entails utilizing
the computing machine to computing device intelligence
methods, or the simulation of the human intelligence
process making use of the computer (Russell, and Norvig
2022). One of the many intelligent tutoring systems
that adapt to a student’s emotional state are the virtual
reality simulations that they have for perspective taking
exercises, only to name a few. Although well situated to
address questions and issues related to Al-enabled SEL
programs, there is still some infancy in the context for
such programs. Thus, at the first step it will be necessary
to realize and to estimate the prospect of newly created
educational technologies to develop socio emotional
capacity for students. Al has the potential benefit in the
practice of SEL, there may be anecdotal evidence and
small-scale studies that suggest, but empirical validation
is needed to determine and validate these beliefs and
evidence-based practices (D’Mello & Graesser, 2012).
In addition to maintaining data privacy, algorithmic bias,
and the ethical considerations of Al in SEL learning
interventions, there is an imperative to recognize (Tene &
Polonetsky, 2012). The case of technology is no different
here, and it is also important to notice that in the near
future, trends and future challenges with Al and SEL will
stand in the corner.

It is pertinent to highlight that the combination of Al
and VR technologies will create a substantial positive
impact on the STEM identity and Social-Emotional
skills of students in this current age. In other words,
educational strategies have to be innovative enough to
deal with diverse student population. Among the others,
a combination of both Artificial Intelligence (AI) and
Virtual Reality (VR) is viewed as a possible answer to
solve the educational challenges. These technologies are
perceived as devices to enhance students’ participation
in Science, Technology, Engineering, and Mathematics
(STEM) as well as develop social-emotional skills that are
important for holistic development. Essentially, this paper
provides a strategic review of Al-driven VR applications

that seck to promote a stronger STEM identity and
social-emotional skill development in the K-12 education.

LITERATURE REVIEW

STEM Identity

STEM identity is defined by Carlone and Johnson (2007)
as the recognition of oneself and others as a STEM
person. They also propose a STEM identity framework
that consists of three dimensions: (1) competence, or the
knowledge and understanding of STEM; (2) performance,
or the ability to engage in various STEM practices; and
(3) recognition, or the perception of oneself as a STEM
person by others. In other words, students are likely to
establish a strong and long-lasting STEM identity if they
can repeatedly demonstrate their STEM competency
and have others recognize these performances. STEM
identities would contain diverse, often conflicting, and
perhaps overlapping disciplinary identities, as STEM
encompasses a variety of fields (Simpson & Bouhafa,
2020). Particular STEM identity instantiations may
comprise more than one STEM identity, although they
are often more discipline-specific (e.g, engineering,
mathematics, or biology identity). According to Godwin
et al. (2013), a “engineering person” can also consider
themselves to be a maths, physics, or general science
person. Despite the strength and influence of Catlone
and Johnson’s (2007) paradigm, Kim and Sinatra (2018)
criticise it for focussing too much on people’s opinions
about whether or not others recognise their performance
and competence and not enough on the circumstances
surrounding such acknowledgement.

Social-Emotional Skills

Social and emotional learning (SEL) has become recently
of interest globally. A definition of SEL ‘as the process
through which all young people and adults acquire and
apply knowledge, skills and attitudes as they develop
healthy identities, develop and attain their goals, manifest
empathy for others, resolve conflicts with others and
accept responsibility for their actions and for omissions’
(Wang et al., 2019). This addresses the conception of
post-metaphysical thinking by the fact that SEL pays
attention to emotional or social needs of students,
enhances importance to uniqueness and differences of
students and promotes development of their social or
self consciousness (Kondtla ez al., 2023; Kondtla et al.,
2022). Other research shows that social and emotional
competence can predict a child’s mental well being (Jones
et al., 2015) and absence of such competence can be
strongly related to such actions as suicide with terrible
control of behavior and feelings being the chief cause
of death in adolescents. Finally, they have correlated SEL
with children’s academic performance (Dowling et al,
2019), as the children with good social and emotional skill
are able to set their own goals, manage stress, find ways to
study and use interpersonal skills to solve problems (Zins,
2004). Children who are high in SEL abilities will, over
time, be able to act accordingly in line with his or own
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values, care for others and be responsible in management
of own behaviors (Durlak ez a/., 2011). Development of

values in children and adolescents take a toll from families
and schools, as well as from the media (Kralik, 2023).

AT and Social-Emotional Skills

Easily perceived is an established field of study of SEL
and Al in synergy to analyse the effect of an one of the
components (SEL or Al) on the result of the other. In
most cases, either increasing SEL using Al or increasing
the use of Al to boost SEL generates positive outcomes.
Chen ez al. (2021) presented an example of how SEL can
predict problem Internet use among 1141 high school
students in Southwest China. Given its dependence on the
structural equation modelling controlling demographic
variables, the finding this study displayed significant
negative relationship of overall SEI. competence and
individual SEL. domains with problematic Internet use.
They refer to themselves as related to self regulated
learning (Cognitive work that Al is unable to perform
yet), creativity, Al use responsibility, making Al for
humatics values and collaborative thinking. According
to Markauskaite es al. (2022), there were three points
they differentiated the benefits of SEL, for use of Al,
humanistic (e.g. human centric AI, humanistic values and
freedoms), social (e.g. AI mediated dialogue, Networked
learning) and cognitive (e.g. creativity, self-regulation,
hybrid cognition).

On the other hand, the use of Al or other advanced
technologies in the class room was found to have an
important impact on SEL and overall learning out comes
(Salas-Pilco et al., 2022), and on building and strengthening
prosocial behaviours and interactions with peers (Licardo
& Lipovec, 2024) by the development of an integrated
learning framework, which considers a broader spectrum
of hu man potential and enhances students’ academic
experience in a more integral, inclusive and emotionally
supportive learning environment.

Virtual Reality and Social-Emotional Skills

Virtual reality has been a good way of enriching SEL
with the advanced high speed communication and
mobile technology. VR is a new generation of interactive
display technology that allows one to have a feeling of
presence (Xiong et al., 2021). Since Coburn ef al. (2017)
recent popularization of VR devices, which come at very
affordable prices and the softwate/hardware problems
are solved, many of them have been slowly coming to
be had. VR is capable of making the user interact with
the surrounding environment with this input device
(Bisso ez al., 2020), whether if it is an application-based
desktop VR, or based on the head mounted display
(HMD). VR can entwine the physiological world in the
digital world, the second dimension of capability of the
VR is that the VR simulation is very high fidelity to real
life, the third is VR put you out of sense of mediation
(Riva ez al, 2003). VR intervention studies in children
and adolescents increase in terms of social skills and

emotional recognition (Ip e# al, 2018; Beidel ez al., 2021).
One of the major advantages of VR interventions is there
are many unique advantages compared to traditional SEL
interventions. First, VR is more targeted intervention
groups. In addition to normal developing (TD) children,
there are VR interventions for children with neurological
disorders (Bailey e al, 2019). The projects aimed at
previous school-based intervention have been about
the environment and generic SEL curricula (Malhotra
et al, 2021). However, where it differs from such an
approach of single group targeting as above (Taylor ef
al., 2017), this form of a school based SEL approach is
addressed towards the student body as a whole. Children
with neurodevelopmental disorders and/or behavior
problems find it more difficult to acquire SEL. Secondly,
VR allows users to interact with technology in a real-life
scenario without actual interaction with real people, e.g.
people with feeling of ‘immersion’. It is also relevant
that VR provides a safe and controllable compensatory
response environment and enables children to learn new
knowledge and skills to new kinds of scenes matching the
situations in our life (Parsons, 2016). Prior studies have
reviewed how VR use for teaching social skills (Montoya-
Rodriguez ef al., 2023), emotion recognition (Farashi e al.,
2024) and life skills (Skjoldborg ef al., 2022) may promote
SEL. Nonetheless, none of these reviews considered
TD children and there was only one review performed
in populations presenting ASD, intellectual disability or
social anxiety disorder (SAD). The research about the
exceptional child has changed in some recent times, and
that there is some doubt as to whether or not VR will
assist TD children as well as it is.

AI-Driven Virtual Reality-Based Methods in STEM
Education

Virtual Reality (VR) with Al influence, Al driven Virtual
Reality (VR), is used to develop the virtual and interactive
simulators for the educative purpose. These methods
act as important aspects of such virtual progressive
educational environment as they facilitate taking part of
users in the content using a virtual environment that in
a number of cases is mirroring real life situations that
prompt learning and retention (Mikropoulos & Natsis,
2015). The key benefit of this technology is that the
students can study complex principles and work on
oneskills under a dynamic and controllable situation
(Durr, 2018).

For the example of human anatomy comprehension,
traditional methods such as with textbooks and diagrams
may do the students a disservice sufficing comprehension
of the three-dimensional properties of that (Wainman,
2018). This also improves the spatial understanding of
human body and retention of anatomical structures
with the use of VR technology for the study of human
body (Bogomolova, 2021). Besides that, VR simulations
of physiological processes, such as blood circulation
and nerve transmission give students a chance to see
and interact with what is going on (Huang, 2020). This
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immersive approach is beneficial for at risk students since
it reduces cognitive load and enhance learning outcome.
One example of the VR based method is Immersive
simulations in which students are able to work in the real
3D environment like, virtual chemistry or physics lab etc.
(Huang ¢/ al., 2010). For example, virtual field trips allow
the people to visit inaccessible places like outer space,
historical places (Dede, 2009). A way of doing detailed
exploration with Interactive 3D models is to explore the
like molecules or mechanical systems (Wang, 2017). In
both Astronomy and the VR, the students are placed
into a simulated universe to fill the gap in the student’s
understanding of the scale and complexity of celestial
bodies (Parong & Mayer, 2018). Bourke (2019) explained
VP’ ability to comprehend better the astronomical
concepts through an interactive and spatial learning
environment.

As explained by Yadav (2017), traditional methods
are schematic diagram which can be very difficult to
understand. Students can see through modification
of a power system how power outages happen in the
real world (Jenkins, 2020). By virtue of VR, this tool is
able to bridge the gap between theoretical and practical
knowledge for at risk students in Sokoto state and to aid
in understanding and performance. VR adds itself as an
additional means of a learning experience in States of
Matter and Phase Changes, where students can see and
manipulate virtual molecules as one changes through one
or more states (Johnston, 2020). This immersive approach
as impemented from this point of view helps understand
the molecular interactions and energy transfer which
in themselves are abtract. Trigonometry teaching can
also be transformed using VR that would create a three
dimensional, interactive environment, where students
could explore geometric principles and relationship
(Furner, & Marinas, 2020). VR can be taken on hands
on, and in a way that will enhance spatial reasoning
capabilities, while having access to some of the more
challenging mathematical ideas. Virtual Reality stories
give students the chance to be able to interact with them
and help understand the intricacies of such a topic (Hsu,
2016). In education, mind mapping with virtual reality
(VR) allows constructing and visualizing information
in a 3D space and the scaffolds for connections and
interrelations between ideas (Chen, 2018).

MATERIALS AND METHODS

This review employs a document analysis approach.
Credible and reliable journals and relevant materials were
used to form the dataset. Keywords such as Artificial
Intelligence (AI), Virtual Reality (VR), STEM, STEM
identity, Social-Emotional Skills, K-12 education, and Al-
driven VR, were used to source for journals and materials.
Databases such as Google Scholar, ResearchGate,
Scopus, and Web of Science, were utilized. Using the
keywords highlighted, seventy (70) journals and materials,
were gotten. However, based on the specific area of the
research topic, only forty-one (41) journals scaled through.

The forty-one journals were used to form the dataset
after examining each journal’s findings and conclusion.
The findings from the downloaded journals and materials
were analysed using document analysis by assessing their
results and recommendations. Findings gathered were
presented thematically in the results section.

RESULTS AND DISCUSSION

Al-Powered STEM Education: An Integrative
Review

Personalized Adaptive Learning

STEM education can be customised using Al and that is a
powerful tool (Chen et al., 2020). Focusing on the analysis
of student performance data, Al can create personalized
learning paths which aim at targeted strengths and
weaknesses of students (Maghsudi e a/, 2021). These
trails of Al-led studies have shown that students gone
through these trails tend to have better enhancements
of understanding and mastery of the concepts when
compared to traditional ways (Reiss, 2021). Nevertheless,
there is still work to be done to achieve fairness. Existed
educational inequality can be exacerbated by biases in the
underlying algorithms. The next crucial steps in making
the full potential of Al-powered personalization are
mitigating those biases and yet ensuring the algorithmic
fairness which can adjust to various learning styles (Baker
& Hawn, 2021).

In a study that Beghetto e7 2/ (2019) conducted, they used
an Al-based intelligent tutoring system to teach algebra
to middle school students. The results showed that the
student performance and engagement were improved
to a much greater extent with this type of instruction
than with traditional classroom instruction. Just like,
Van Lehn (2011) reported that the advent of adaptive
learning environments in STEM subjects has improved
students’ learning outcomes with personalized feedback
and support. Although personalization and adaptation in
Al STEM higher education will yield many advantages,
limitations and challenges towards implementation must
be considered. There are important ethical considerations
to ensure that Al algorithms are accurate and reliable,
deal with biases in the data and the recommendations,
and are in line with the student privacy. Further, it is
important to provide enough support and training to the
educators who will be able to make best use of Al tools
and also understand the insights derived from the usage
of these systems to make the integration of Al enabled
personalized and adaptive learning work in STEM higher
education. The Al systems can iterate well by analyzing
data about students’ performance and preferences, and
consequently deliver tailor content and recommendation,
thus improving the learning outcomes and deepening the
understanding of complex STEM concepts to students.
Despite this, responsibility and effectiveness of Al
application in STEM education needs to be checked on
some ecthical considerations and proper support to E
functionally implementation.

Al is changing the education landscape at an overnight
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rate. It's particularly relevant in STEM (Science,
Technology, Engineering, and Mathematics) education
where promoting critical thinking and innovation is
really a first rank intent. The focus of this integrative
review was on the transition experiences of mathematics
teachers in higher education during this “Al Epoch”
which conjures the dominance of Al on various levels
of our existence. In the education milieu, Al technologies
have brought enthusiasm and shyness to educators;
particularly to mathematics teachers in higher education
that have been at the cutting edge of this paradigm
shift (Chen ef al, 2020). With the development of Al
algorithms and machine learning systems, educators are
facing an obligation to look for ways of incorporating
it in their teaching methods to make the best use of
these technologies (Salas-Pilco ez al, 2022). Educators
are considering using instructional content that can tailor
instruction to individual student needs and preferences
from anything that includes an intelligent tutoring system
to an adaptation learning platform (Jang ez al., 2022).

Al-Powered Tutoring and Feedback

STEM learning can be significantly impacted by Al-
powered tutoring system and intelligent feedback system
(Conati ef al., 2019). Asian Tiger Mosquito consumes a
mosquito at a Chinese village, in Qinghai Province in
western China on October 18, 2012. Imagine a virtual
tutor patiently explaining a complex scientific concept, or
an Al system providing real time feedback on a student’s
coding project (Hautala e7 a/, 2018). Then, these features
can assist in the deep understanding of the material.
However, limitations exist. Questions that require human
understanding beyond what an AI’s program could
determine may be beyond the abilities of Al tutors to
solve (Trinchero, 2021). Moreover, if students come to
rely on Al feedback, they may somewhat be hindered
from developing the essential critical thinking skills
(Pagau & Mytra, 2023).

Intelligent Tutoring and Virtual Laboratories

Also, Al can be an intelligent tutor by giving real time
feedback, guidance and support to STEM students.
Student responses can be analyzed by intelligent tutoring
systems to identify misconceptions, and then they
can use those misconceptions to provide appropriate
targeted interventions based on pedagogical theory in
order to close learning gaps. Virtual laboratories utilizing
the power of Al can also simulate realistic experiments
and enable the students to practice hands on skills in a
secured as well as controlled environment (Sapriati ez al.,
2023; Almahdawi, 2024. Al powered tools such as these
help in making learning engaging for students and making
the best of their problem-solving talents. AI Algorithms
are used in Intelligent tutoring system to customize and
personalize the instruction to students. These systems
taking student responses and performance data and
examining it to find areas of misconception help or places
that are hard and provide tailored feedback and guidance.

The Al tutor can take care of the needs of an individual
learner, offering extra explanation, additional examples,
or practice problems when the need is there. It makes
things on a personalized approach to give the students an
understanding of how much they have accomplished and
motivate in an active way in such learning process

AI-Driven Simulations and Gamification

The use of Al-driven simulations and gamified aspects
in STEM education are found in studies that explore its
power to make classrooms dynamic and engaging space
(Sakulkueakulsuk eza/. (2018). Study by Casini and Garulli’s
(2016) imagined and pictured students working remotely
in a simulated Mars colony or on teams tackling real strip
problems in engineering. This research indicate that these
approaches can substantially enhance student interest
and engagement in STEM (Luzano & Ubalde, 2023). But
truly learning from these simulations also means that the
simulations don’t extrinsically reward getting a high score
on a game. The idea behind it is that effective Al driven
simulations will promote exploration, rational thought
and application of STEM concepts to solve problems in
the virtual world (Garcfa-Martinez, 2023).

Data Analysis and Predictive Modeling

Large amount of data is generated in STEM fields,
which can be extracted for the meaningful insights and
patterns by using Al techniques such as machine learning
and data analytics. The Al algorithms can examine large
datasets, find correlations, and expect the data of what
will happen based on past data. It allows STEM educators
and researchers to receive important information about
students’ performance, find deficiencies in the problems,
and improve curriculum building and instructional
approaches (Seimens & Baker, 2012; Bliksteib & Worsley,
2016). Al can offer the evidence base tools for predictive
modeling and analytic using the data to drive STEM
education. The advantages of using Al for thisliein the fact
that it can analyze large datasets of student performance,
thereby identifying trends and patterns and the factors
that determine the outcome. It can give information to
develop targeted interventions and personal learning path
for students. For instance, predictive models might predict
students who are vulnerable to experiencing academic
struggles and, thereby, facilitate the early intervention
strategies.

Enhancing Creativity and Problem-Solving

Al cleatly provides us with the opportunity to use it for
STEM education as a tool for creating and solving the
problem. Other studies indicate that Al can aid students
to learn how to find creative ways among themselves
through providing them with open ended challenges
(Jang et al., 2022). In addition, students can access to
vast datasets and computational power to study complex
problems with a new angle (Kuleto ez a/, 2021). But the use
of Al in this domain is still in doubt. According to critics,
the true creativity is powered by human imagination and




Am. ]. Multidis. Res. Innov. 4(4) 155-166, 2025

@ salli
thinking outside of the box, something that might not be
possible for Al to achieve (Luzano, 2024). Ifenthaler and
Schumacher (2023) found a key challenge to be finding

the right balance between Al’s capabilities and developing
students’ own inherent creativity.

Promoting Equity and Inclusion

There is no doubt that Al is able to offer us the scope
to use it within STEM education to create and solve the
problem. Studies conducted in other cases have shown
that on the level of studentlearning, Al can assist students
in learning to find creative solutions among themselves
while being supplied with open ended challenges (Jang ez
al., 2022). Further, it also allows students to access to vast
datasets along with the computational power to solve the
problems with a contemporary view (Kuleto e al., 2021).
In this domain however the use of Al is still in doubt.
Key challenge as found by Ifenthaler & Schumacher
(2023), was to get the right level of creativity from Al
development and students’ own creativity.

Teacher Training and Support

It is argued that Al can support teachers and it can
provide additional support in STEM instruction. Think
about using Al tools that automatically grade student
assignments so that teachers can spend more time
working on a more personalised instruction with the
students (Chen e7 a/, 2020). Al can also examine the data
of the student to understand areas where the student is
lagging and hence suggest interventions. Nevertheless,
there are challenges concerning the integration of Al
tools by the teachers. Making use of the benefits of Al
for the classroom is dependent on effective training and
ongoing support for teachers (Pan ez al, 2020). These
technologies should not take the place of the teachers,
but rather serve as means of enhancing the skills set in
an already incredible profession that is teachers (Pringle e#
al., 2015; Luzano, 2020).

Collaborative Learning and Social Interaction

STEM can be collaborative learning and social interaction
that they can be facilitated by Al With intelligent
systems, online discussions, group projects and peet-
to-peer feedback become supported in virtual learning
environments, creating a sense of a community and
collaboration. Al based chatbots and virtual assistants
can provide instant support and answer students’
questions, elevating the level of students’ learning and
promoting their student activity (Johnson ez al, 2016).
STEM education is dependent on collaborative learning
as it allows for sharing of knowledge, thinking critically
and solving problems. Al tools can give rise to a new
generation of collaboration by enabling communication,
coordination and the sharing of resources among
students on a communicative platform. Al fueled online
discussion forums can help analyze student contributions,
and provide suggestions for the appropriate text,
alternatives views or possible collaborators for said text.

It allows students to discuss STEM topics meaningfully,
learn from their peers and get a better understanding of
STEM concepts.

Role of AI and VR in STEM Education

STEM education is being improved using Al through
the use of personalized learning experience, the
automating of grading process, the real time feedback,
etc. For instance, Al tools can auto generate problems in
the required sense to enable the student to understand
complex mathematical concepts. Interactions with other
students can also be facilitated through AI by analyzing
and suggesting the best group formation (Radianti e a/,
2020; Barkoczi et al., 2024).

Immersive and interactive VR technology can bring
about enriched engagement and improved performance
in STEM education for the students. Thus, it allows
students to visualize complex abstract concepts in three
dimensions making the abstract concepts more tangible
and accessible (Kloeppel, 2025). On the other hand, VR
simulations are able to recreate real world environments
allowing students to safely and cheaply experiment similar
to what would be done in a real-world environment,
for those institutions that cannot afford to set up a real
environment.

STEM Identity Development through AI-Driven
Virtual Reality

Al and VR technologies are changing the face of STEM
Education and integration of these technologies into
STEM education curriculum is helping students learn
the way they interact, engage with complex subjects. Al-
driven VR allows for:

Immersive Learning Experiences

By using AI driven VR technologies which are immersed
learning experiences, can have a major impact on
STEM identity formation in K-12 students. These are
technologies that produce interactive and hands-on real-
life simulations of scientific phenomena and engineering
processes for one to engage with STEM concepts. Using
AI-VR applications for teaching of STEM subjects
can create a proposition for opportunities for students
to participate actively in virtual STEM environments,
making each one a sense of belonging and competence
in STEM fields (Tene et al., 2024).

Personalised Learning Pathways

Al algorithms can also be used to tinker around with
the student performance and attitudes inside of VR and
then shape the personalized pathways for learning. This
is an adapted approach for improving the confidence
and motivation of students in STEM subjects, leading to
better STEM identity. AI-VR systems can take the content
difficulty and targeted feedback into consideration so
that each student can challenge himself optimally while
also having some success with the content (Tene e# 4/,
2024).
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Virtual Reality (VR) Applications
Emotional Skill Development

A technology recently emerging as a success in the
development of emotional skill is virtual reality (VR). VR
by exposing its users to simulated environments creates

for Social-

experiential learning opportunities that can give rise to
evoke emotions in a controlled and safe setting (Freina
& Ott, 2015). VR applications have been deployed in
educational context to teach empathy, emotion regulations
and social skills to advance students’ socioemotional
competencies. Perspective-taking exercises are one use
of VR for emotional skill development that is becoming
more and more popular. For example, users can
experience other lives through immersive experiences,
including those which allow them to feel what others feel,
to embody other perspectives, or to inhabit the emotional
realities of others (Riva ef al., 2019). For instance, with
VR simulations users can put themselves in situations
where they deal with people of various backgrounds and
in situations where a conflict may need to be resolved
or where peer mediation could take place. VR allows the
learners to experience firsthand empathy, allowing them
to get a better reach of the other individuals emotional
perspective and empathy (Slater & Sanchez-Vives, 2016).
Additionally, VR environments are also a controlled
space that you can practice the emotional regulation
techniques. Guided mindfulness exercises, biofeedback
training, or exposure therapy can be practiced inside of
VR environments which are adapted to the user’s needs
and preferences (Parsons & Rizzo, 2008). For example,
people suffering from anxiety or stress may perform
virtual exposure therapy sessions to tackle and deal
with the triggers in a safe and controlled environment.
Adaptive coping strategies can be learned by users who
are repeatedly exposed and are practiced through use
(Bordnick ez al., 2009). Yet, VR also has promise for the
development of emotional skills, but various challenges
and considerations need to be addressed. VR technologies
face obvious limitations of technical nature, for instance,
simulator sickness and hardware restrictions, which do
not allow the rapid adoption and accessibility by diverse
groups of populations (Lugrin ez al., 2015).

AI-Driven VR for Improving Social-Emotional Skills
Safe Practice Spaces

Safe environments can be created in VR when students
practice their social-emotional skills, without the risk
that they would in real world. Al-driven virtual character
apparatus to simulate any number of social situations
so that students can hone empathy, communication
and more generally conflict skills. Particularly beneficial
for students who might have difficulties with social
interaction in a standard classroom environment, these
modern technology-controlled environments are essential
in exposing students how to navigate the challenges
of working with others without having to do so in an
intimidating environment where embarrassment and
ridicule are the frontrunners (Zhang ez al., 2023).

Emotional Recognition and Feedback

The technologies can be used in the form of advanced Al
algorithms that can analyze students’ facial expressions;
voice tone and body language within the VR environment
to provide real time emotional state and social cues
feedback. The advantage of this is that students are able
to gain immediate feedback as to their own emotions and
also understand how the emotions of others are being
responded to, which can work towards improving social
emotional competence in these students (Zhang e al., 2023).

Integration of STEM and SEL

Collaborative Problem-Solving

Al based VR platform can support NC creation of
STEM concepts with social emotive skills through
collaborative problem-solving exercise. This can be done
through students applying both technical knowledge and
interpersonal skills in virtual team projects and simulations
that connect to STEM competence with social-emotional
competencies (Alsoliman, 2022; Tene ¢ al., 2024).

Ethical Decision-Making in STEM Contexts
Al-driven VR can place students in scenarios concerning
STEM fields in which they have to make moral choices
around the impact of scientific and technological progress.
However, this approach aids students in understanding
STEM disciplines in a more holistic manner and its
relation to society (Alsoliman, 2022).

Although Al-driven VR can provide lots of benefits for
STEM identity development, there are several ethical
issues that need to be considered in regards to the
integration of Al The concern is to ensure fairness,
transparency and accountability in Al algorithms, to
handle the potential biases, and to protect student
privacy as well as ensuring inclusive provision of Al-
driven resources (Lo Piano, 2020; Kommissio, 2022).
Another important ethical consideration is Al algorithms’
potential of having a bias. Historical data that uses biases
due to societal inequities gets fed into Al systems. To do
this, however, it is important for bias to be addressed
within AT systems, so that these systems do not simply
perpetuate or further reinforce existing differences
in the levels of STEM education. To avoid bias in Al
algorithms leads educators and developers to carefully
examine and counteract them so all students are provided
with a fair and equal outcomes. Other ethical issues
include transparency and explainability. They should
be aware of how Al algorithms make decisions and
their status. It is significant that Al systems are opaque
because this undermines trust and prevents students
from learning from feedback, to challenge algorithmic
decisions. Transparency of Al algorithms should be
promoted by educators and students should be offered
when possible roles in understanding and questioning
automated assessment processes. Protection of student
privacy is the other ethical consideration. The data that
are collected by Al systems include large amounts of
personal information and learning analytics. To prevent
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the loss of student information, good data protection
measures should be put in place and comply with privacy
regulations. In addition, educators should also make
sure that students are aware of data collection practices
and get their premission to allow use of their data in Al
driven systems.

These are ethical considerations and challenges that need
to be addressed by educators, researchers, policymakers
and stakeholders in STEM education to work together.
Proposals for guidelines and frameworks for ethical
Al in education have been established to assist in Al
technology development, implementation and evaluation
in education environments (Lo Piano, 2020; Kommissio,
2022). They emphasize the need for transparency,
fairness, privacy, and inclusivity when it comes to educate
with aid of Al Finally, while AI has a great promise in
STEM higher education, it is necessary to identify some
ethical considerations and challenges when implementing
the AL. DNA is vital to ensure fairness, transparency,
accountability, protect student privacy, promote inclusive
access and serve as professional development for faculty
in order to fully realize the benefits of Al in STEM
education.

Challenges and Considerations

Technological Access and Equity

There are challenges and issues to the implementation of
AI-VR technologies in K-12 education especially around
the subject of access and equity. These advanced learning
tools must be addressed by schools to ensure that all
students have equal access to take advantage of these
types of technological programs (Tene ez al., 2024).

Privacy and Data Security

The issue with using VR technologies algorithms to
analyze a student’s behavior and performance in such
VR environments is that of data privacy and security
of such data. Protocols must be established to protect
student information in educational institutions, and to be
implemented in a way that ethical Al technology is used
(Zhang et al., 2023).

Teacher Training and Support

Training teachers for AI-VR implementation in the
education of STEM and the support to do so will be
required for the effective integration of AI-VR technologies
in STEM education. These tools have to be mastered by
educators to understand and use how these can be utilized
for STEM and SEL objectives (Alsoliman, 2022).

Future Directions

Longitudinal Studies

From a future research perspective, longitudinal studies
need to take place to determine the lasting effects of Al
driven VR experiences on the formation of the STEM
identity of K-12 students, as well as on their social
emotional skill development (Tene ez al., 2024).

Cross-Cultural Applications

Researching the utility of AI-VR applications in different
cultural contexts can help identify the steps to create
culturally appropriate STEM and SEL interventions
(Zhang et al., 2023).

Integration with other Educational Technologies
Investigating AI VR in the context of mixing with other
existing educational technologies, such as augmented
reality and mixed reality, could create broader and more
precise learning ecosystem for K-12 STEM education
(Alsoliman, 2022).

CONCLUSION

The applications of Al technologies in VR are exciting
for the improvement of K-12 education for STEM
identity and social-emotional skills. These tools offer
to provide immersive, adaptive, and engaging learning
experiences that assist students to build confidence for
their academia, foster emotional intelligence, and become
successful in 21st century. Key findings included that:

e The use of VR environments in STEM activities
has been shown to drastically increase engagement and
interest in STEM activities with students, particularly
underrepresented students, as well as better imagine
themselves in STEM careers and better develop strong
STEM identities;

* Enhances learning outcomes of students;

e Immersive simulations which enable students
to properly practice social interactions with a safe
environment, empathy and emotional control are
particularly advantageous to students with autism and
other special needs;

* Finally, VR promotes inclusiveness and accessibility
where it affords customizable and supportive learning
environments that lend themselves well to the learners
with disabilities.

Nevertheless, there are issues to address like equity,
accessibility and bringing technology in line, if not in
more tune with, traditional learning, in order to make sure
these innovations are for the benefit for all students.

The following recommendations were made based on the
findings:

 Increase access to Al driven VR tools in different
school settings for fostering equity of access to new
technology;

* Enable the educators to receive professional
development that they can employ to successfully put VR
tools to use in the classroom;

e Creating culturally responsive and inclusive VR
content of STEM role models and real-world challenges;

* Conducting Research and evaluation to continue to
measure long term impacts on academic achievement,
STEM career pathways and social emotional growth;
Enable partnership between educators and researchers,
technologists, to develop common tools that are
consistent with curriculum standards and meet students’
needs.
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